Abstract
5
The quantity of carbon stored in coastal habitats is the net balance between inputs and losses. In (Macreadie et al., 2014) . We evaluated the influence of long-term and near-term 22 nutrient history on aboveground and belowground carbon accumulation in seagrass beds, using a 23 nutrient enrichment experiment embedded within a naturally occurring, long-term gradient of 1 nutrient availability within Florida Bay. In this system, P availability severely limits primary 2 production in much of the eastern Bay (Fourqurean et al., 1992) , and N limits some pelagic 3 primary producers in the western Bay (Tomas et al., 1999) . Our objectives were to (1) evaluate 4 the effects of near-term nutrient addition on carbon storage in seagrass beds, and (2) determine if 5 there was a relationship between soil carbon and seagrass nutrient limitation, as indicated by leaf 6 nitrogen : phosphorus (N:P) ratios. In the P-limited Florida Bay ecosystem, low N:P ratios 7 indicate higher availability of the limiting nutrient, P, and less severe long-term phosphorus 8 limitation.
10

Methods
11
Our experimental design evaluated the longnear-term effects of nitrogen (N) and phosphorus (P) 12 enrichment on above-and belowground carbon storage across a P-availability gradient. We used 
15
We measured the organic carbon (C) content of the soils and C, N, and P content of above-and 
21
(2012b) to assess the organic carbon (OC) content was determined beforeof our carbonate soils.
22
Briefly, total C content of the dry soil and of the residue remaining after loss on ignition at 500 1 °C for four hours, and then percent organic carbon content (% OC) was measured using a CHN determined by a dry-oxidation, acid hydrolysis extraction followed by a colorimetric analysis of 7 phosphate concentration of the extract (Fourqurean et al., 1992) . Molar N:P ratios were 8 calculated for aboveground tissue of the most common seagrass species, Thalassia testudinum.
9
The effect of near-term nutrient enrichment on carbon stores in aboveground seagrass tissue,
10
belowground seagrass tissue, and soils were analyzed with three-way fixed factor ANOVA (P 11 addition, N addition, and site) following verification of homoscedasticity with Levene's test.
12
Data were square root transformed if necessary to conform to the assumptions of ANOVA.
13
To assess the influence of long-term nutrient history (as estimated by leaf N:P in control plots)
14
on soil carbon content, we used curve fit regression analyses to identify the best fit relationships.
15
Soil organic carbon content (% or g/m 2 m -2 ) from control plots were the dependent variables in 16 separate analyses, and Thalassia leaf N:P was the predictor variable. We focused on Thalassia 17 tissue because it was the most common species and occurred in most study plots. Thalassia was
18
absent from the westernmost site, Sprigger Bank, so that site was excluded from this analysis. In
19
order to determine if soil carbon stock was linked to seagrass productivity, we repeated this 20 analysis with aboveground and belowground seagrass carbon stores as the predictor variables. In
21
the curve fit analyses, we fitted regression models of increasing complexity to each set of 22 dependent and predictor variables, and accepted the model where the predictive power (R 2 value)
23
was higher than simpler models, but where that predictive power did not increase at the next step 1 in complexity.
3 3 Results
4
The total carbon stock in aboveground seagrass tissue, which is a function of seagrass biomass, 5 was 3x to 10x higher in P-addition treatments, but only at the three most P-limited sites in 6 eastern Florida Bay (Site*P p < 0.001; Table 1 ; Fig. 2a ). The aboveground carbon store was 10-
7
30% larger in many of the N addition plots (Fig. 2a) . Although there was no significant site*N 8 interaction (Table 1) , the positive effects of N addition on the size of the aboveground carbon 9 store appeared to be strongest at the three western sites that were not as severely P-limited ( 
11
As with aboveground seagrass tissue carbon, belowground seagrass tissue carbon, a function of 12 belowground biomass, also varied with site and P addition (Site*P p < 0.001; Table 2 ), but the 13 site-specific responses were variable. Phosphorus addition increased belowground seagrass 14 carbon by 50-100%, but only at one of the severely P-limited sites (Bob Allen Keys; Fig. 2b ).
15
The belowground seagrass carbon store was up to 30% smaller in P-addition plots at two sites 16 with more moderate P limitation, Rabbit Key Basin and Nine Mile Bank (Fig. 2b ). There was no 17 effect of N addition on belowground seagrass tissue carbon.
18
Soil organic carbon content, expressed in g/m 2 m -2 , varied with site, N-, and P-addition 19 treatments (Table 3) , but there were no consistent treatment responses across sites. Differences 20 among sites were not linked to long-term nutrient history; the eastern-most and western-most 21 sites had similar soil organic carbon content. The effects of N and P addition on soil organic
22
Formatted: Font color: Black carbon were generally small and variable, yielding a significant three-way interaction term 1 (Table 3 ; Fig. 3a) . However, when expressed as a percent of dry weight, soil organic carbon 2 content was about 10% lower in P addition plots at some sites (Site*P p = 0.011; Fig. 3b) . A similar response occurred at the easternmost site, Duck Key (Fig. 3b) .
5
Curve fit analysis with Thalassia leaf N:P ratio as the predictor variable identified logarithmic than in the western sites (Fig. 4b ). There appeared to be a threshold in the seagrass leaf N:P and 11 soil carbon relationships: when seagrass leaf N:P exceeded 75:1, there was less than 3% organic 12 carbon in the sediment (Fig. 4b) .
13
Curve fit analysis with Thalassia above-and belowground carbon stocks as the predictor 
21
There was aan apparent threshold in the seagrass belowground carbon and soil carbon , there was 1 less than 3% organic carbon in the sediment (Fig. 6b) . controlling seagrass productivity and subsequent belowground input to the soil carbon stock.
12
Soil carbon content is often closely linked to microbial priming activity, where higher microbial 
23
The relatively high carbon content in the soils indicates that seagrass beds have extremely high 1 carbon storage potential, even in nutrient-limited areas with low productivity.
3
Conclusions 4
Near-term fertilization had a relatively minor impact on soil C stores despite large increases in 5 living biomass. Long-term nutrient history, which controls productivity in this landscape, was 6 related to both biomass and soil C stocks. Higher biomass should result in more efficient 7 trapping of fine particles and organic matter in the sediments, suggesting that there could be a 8 physical effect of increased biomass that rivals the influence of increased productivity.
9
Therefore, long-term changes in nutrient supply to oligotrophic coastal ecosystems could 10 increase C storage, provided that enrichment does not lead cause plankton or algal blooms that 11 lead to the loss of seagrasses. 14 prepared the manuscript with contributions from J. F.
16
Data availability
17
All data used in this study are included in this manuscript and associated supplemental material. order from east (most P limited) to west (least P limited). 
